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Abstract 
Background: Recognition of negative emotions is impaired in Huntington’s Disease (HD). It is unclear whether these 
emotion-specific problems are driven by dissociable cognitive deficits, emotion complexity, test cue difficulty, or 
visuoperceptual impairments. This study set out to further characterise emotion recognition in HD by comparing 
patterns of deficits across stimulus modalities; notably including for the first time in HD, the more ecologically and 
clinically relevant modality of film clips portraying dynamic facial expressions. 
Methods: 15 early HD and 17 control participants were tested on emotion recognition from static facial 
photographs, non-verbal vocal expressions and one second dynamic film clips, all depicting different emotions. 
Results: Statistical evidence of impairment of anger, disgust and fear recognition was seen in HD participants 
compared with healthy controls across multiple stimulus modalities. The extent of the impairment, as measured by 
the difference in the number of errors made between HD participants and controls, differed according to the 
combination of emotion and modality (p=0.013, interaction test). The largest between-group difference was seen in 
the recognition of anger from film clips. 
Conclusions: Consistent with previous reports, anger, disgust and fear were the most poorly recognised emotions by 
the HD group. This impairment did not appear to be due to task demands or expression complexity as the pattern of 
between-group differences did not correspond to the pattern of errors made by either group; implicating emotion-
specific cognitive processing pathology. There was however evidence that the extent of emotion recognition deficits 
significantly differed between stimulus modalities. The implications in terms of designing future tests of emotion 
recognition and care giving are discussed.  
 
 
 
 
 
 
 
 
Keywords: Huntington’s Disease; emotion 
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1.1 Introduction 
Recognising emotions in others from their facial or vocal expressions and body language is a key social skill which is 
impaired in Huntington’s Disease (HD); the literature on which has been reviewed by Henley et al. (Henley et al., 
2012). HD is a neurodegenerative, inherited disease caused by an abnormal CAG repeat expansion (Vonsattel & 
DiFiglia, 1998). A progressive motor, cognitive and psychiatric phenotype typically manifests at 40-50 years of age 
(Novak & Tabrizi, 2011). Prior to clinical diagnosis (based on motor signs) subtle symptoms of disease are present, 
including emotion recognition deficits (Tabrizi et al., 2009).  
Impairment in this ability could lead to problems with social relationships and therefore a clearer understanding of 
the profile of this deficit may help guide clinical care. Additionally, a large observational study found recognition of 
negative emotions to be the only cognitive task in a comprehensive battery to be associated with disease 
progression in pre-manifest HD (Tabrizi et al., 2013) implicating this as a strong cognitive test to track the 
pathological development of disease. Investigation of emotion recognition deficits in HD may also help to clarify 
whether emotion recognition can be conceptualised as a single unified ability or whether there are subdivisions 
within this, either between emotions or stimulus modalities. For example, if someone can recognise one emotion 
very well can they recognise all emotions well? If someone is sensitive to emotion portrayed verbally are they also 
sensitive to visual displays of emotion?   
There are six basic emotions, as outlined in much of the seminal work by Paul Ekman and colleagues (Ekman, 1992): 
happiness, sadness, fear, surprise, anger and disgust. These six are thought to be cross-cultural, with a biological 
basis. Studies in healthy populations have found a low correlation between a person’s ability to recognise positive 
and negative emotions, leading to the suggestion that these skills may be independent (Suzuki et al., 2014). Similar 
theories have proposed that emotion recognition may be a broad ability consisting of related, but partially 
dissociable skills involved in the recognition of positive and negative emotions (Hall, 2001; Schlegel et al., 2012).  
Studies in HD initially reported a disproportionate impairment of disgust recognition (Hayes et al., 2007; Wang et al., 
2003; Sprengelmeyer et al., 1996). Later findings however suggested that other negative emotions (anger and fear) 
were equally, if not more affected (deGelder et al., 2008; Hayes et al., 2009; Henley et al., 2008; Milders et al., 2003; 
Montagne et al., 2006; Snowden et al., 2008; Ille et al., 2011; Tabrizi et al., 2009; Calder et al., 2010). These results 
are supportive of the concept of dissociable abilities in recognition of positive and negative emotions.  
It is unclear in the general population whether emotion recognition from different stimulus modalities can be 
explained by a unitary ability. There is some evidence that emotion recognition may be modality-specific as 
performance in a healthy cohort correlated poorly between tests in different modalities (Scherer & Scherer, 2011). 
Conversely, Schlegel et al. (Schlegel et al., 2012) concluded that emotion recognition performance in a healthy 
cohort across stimulus modalities (audio, film, photo and audio-film) could be explained by a single ability 
dimension. There is therefore no firm agreement on this point. 
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In HD, impairments in disgust (Hayes et al., 2007), anger and fear (Snowden et al., 2008; Calder et al., 2010) 
recognition have been reported across both facial and vocal modalities. The pattern of the severity of emotion-
specific deficits across these stimulus types however is unclear. Evidence from vocal stimuli suggests a different 
deficit to that reported from static facial stimuli, although this relationship was not directly tested (Robotham et al., 
2011).  
The profile of emotion recognition deficits across different stimulus modalities has important methodological 
implications. If a varying pattern of impairment is seen across stimulus modalities the use of one to reflect 
psychosocial functioning would not be appropriate or reflective of the deficit as a whole. If the deficit is statistically 
similar across stimulus modalities this would implicate a central unified emotion-specific, or negative emotion-
specific, pathology underlying multi-modal recognition of that or those emotions.  
Overall, the literature suggests that emotion recognition ability can be subdivided into that for positive and negative 
emotions. It seems that only negative emotion recognition is impaired in HD. It is however unclear whether emotion-
specific recognition is consistent across stimulus modalities.  The aim of this study was to directly compare, for the 
first time, the profile of HD-related emotion recognition deficits across different stimulus modalities (facial photos, 
vocal expressions and dynamic film clips of facial expressions). To our knowledge this is also the first study to 
investigate emotion recognition in HD from dynamic facial film stimuli, with the aim to establish a more ecologically 
and clinically relevant profile of this impairment. Finally, in order to test whether the deficits are related to task 
demands, the HD group’s performance was compared to the performance of a matched control group. The pattern 
of errors made across emotion cues and stimulus modalities was compared to the between-group differences to 
identify whether the most misidentified emotions were also the ones showing the largest between-group 
differences. 
1.2 Methods 
1.2.1 Participants   
Participants were taken from those recruited at the London site of the larger, longitudinal PADDINGTON Study 
(Hobbs et al., 2013). HD participants (N=15) were in stage I of disease based on their Total Functional Capacity (TFC) 
score from the Unified HD Rating Scale (UHDRS (Huntington Study Group, 1996)), with an average disease burden 
score (Penney et al., 1997) of 368.61. Fifteen of the 18 control participants were gene-negative siblings or spouses of 
the HD participants. This was deemed to be preferable to using unrelated healthy controls in order to attempt to 
match for social and environmental factors. Participant characteristics are summarized in Table 1. One control 
participant did not complete the BFRT due to time constraints. 
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Table 1. Participant demographics. 
 Controls HD 
N Mean (SD)  
min - max 
N Mean (SD)  
min - max 
Age (years) 18 56.31 (8.92)  
43.74-77.71 
15 52.29 (9.41)  
41.16-68.03 
Gender (M/F) 11/7  3/12  
CAG repeat length  N/A 15 42.87 (2.56)  
39-46 
UHDRS: Total motor score  N/A 15 19.60 (10.10) 
7-45 
Disease Burden a  N/A 15 368.61 (103.94)  
232.60-562.98 
Motor response time (ms) b 18 1021.74 (182.70)  
792.18-1487.88 
15 1368.22 (313.23)  
952.41-2021.18 
Benton Facial Recognition Test 
(BFRT) score c 
17 48.94 (3.33)  
43-57 
15 43 (4.61)  
36-51 
Education level (ISCED) 18 3.88 (1.40)  
1-6 
15 3.27 (1.22)  
2-5 
a Disease burden formula (Penney et al., 1997): (CAG-35.5) × age; b motor response time was assessed and used as a covariate in later analyses to remove a 
potentially confounding motor component from the main task, the methods for which are described in the section 1.2.2; c BFRT (Benton, 1980) score adjusted 
for age and years of education. ISCED = International Standard Classification of Education. 
1.2.2 Emotion Recognition Task 
The following emotion recognition task was specifically developed for this study. Three sections presented different 
emotion stimuli: 
1. Static black-and-white photos (Manchester Face Set (Whittaker et al., 2001; Snowden et al., 2008))   
2. Non-verbal vocal audio clips (Sauter et al., 2010b; Sauter et al., 2010a)  
3. One-second film stimuli (Simon et al., 2008). 
The Manchester Face Set (Snowden et al., 2008; Whittaker et al., 2001) is a modern variation on the widely-used 
Ekman face stimuli. The faces were all full-face frontal views of actors posing for a photograph. The vocal stimuli 
were taken from an emotion sounds test of recorded non-verbal sounds corresponding to happiness (laughter), 
sadness (sobbing), anger (growls), fear (screams), disgust (retching) and surprise (gasping) (Sauter et al., 2010a; 
Sauter et al., 2010b). The film stimuli were one-second colour film clips of drama students who were asked to 
produce each expression in about one second starting with a neutral face and ending at the peak of the expression 
(Simon et al., 2008). After the one second expression these film clips remained on the screen but static. In a previous 
study it was noted that 'disgust' in English can have both visceral and moral connotations (Snowden et al., 2008) and 
therefore variations in meaning might underlie performance differences for 'disgust' across studies involving 
different languages. Consequently, for consistency and comparability, all disgust stimuli in the current study were 
visceral in type. 
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A forced-choice paradigm was used, instructing the participant to choose the emotion portrayed via a keyboard 
button press. Each cue was presented or played on a computer screen along with a list of possible emotion options: 
1=anger, 2=disgust, 3=fear, 4=happiness, 5=sadness, 6=surprise. There were no time limits and only when a response 
was given did the task move to the next stimulus. The stimuli were presented one at a time in a pseudo-random 
order. Within each stimulus modality the six emotions were presented five times each, resulting in a total of 30 
stimuli per stimulus modality and each emotion tested 15 times (across three modalities). The maximum score for 
the whole task therefore was 90. 
Two additional control tests were performed: firstly, the Benton Facial Recognition Test (BFRT short-form (Benton, 
1980); a face-matching task) was administered in order to control for basic facial processing ability; secondly, a short 
motor control task was run. For this, one of the numbers 1-6 appeared on screen in a pseudo-random order and, 
using the same keyboard buttons as the main task, the participant was asked to press the corresponding button as 
quickly as they could. Twelve numbers were presented in total. The average time (ms) taken for the button 
response, excluding the first number, was calculated and used as a control (referred to as motor response time) for 
motor impairments in statistical analyses.  
1.2.3 Statistical Analysis 
All statistical analyses were conducted in STATA v12. The BFRT was analysed using generalised least squares 
regression, allowing for different variances in controls and HD participants and adjusting for age, gender, education 
level and motor response time. Linear regression, with modifications to allow for the non-continuous and non-
independent nature of the outcome variable, was used to analyse the data from the emotion recognition task. The 
outcome variable in the model was the number of errors (out of five) for each stimulus modality-emotion 
combination (e.g. photos of fear, film clips of anger etc.). Predictors were a three-way interaction between disease 
group, stimulus modality and emotion, with adjustment for age, gender, BFRT score, education level and motor 
response time. To simultaneously allow for the non-normality of the outcome, and for the correlation between the 
18 scores for each subject, non-parametric bias corrected 95% and 99% bootstrap confidence intervals (CIs) (Efron & 
Tibshirani, 1993) were computed from 2000 bootstrap samples, clustered by subject and stratified by group. As such, 
p-value accuracy was reported to > or <0.05 or <0.01.  For the same reason, the three-way interaction was tested 
with a permutation test. Disease status (control or HD) was permuted 10,000 times, with the Wald test statistic for 
the interaction term recorded each time. The proportion of times the test statistic was more extreme than the 
observed statistic from the model was then computed to give the p-value.     
1.3 Results 
1.3.1 Facial Recognition  
Despite the HD group mean of 43 on the BFRT being within the performance range classified as ‘normal’ (41-54), this 
was, on average, significantly worse than controls (estimate -6.76 (95% CI -9.80, -3.71); p<0.001). A negative 
association between BFRT score and emotion recognition errors was also observed. This supported our decision to 
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adjust for BFRT scores in the main analyses since we wished to exclude the possibility that any between-group 
differences in emotion recognition merely reflected differences in facial recognition.  
1.3.2 Emotion Recognition  
Table 2. Mean (SD) number of errors in both the control and HD group for: each emotion within each stimulus modality (/5; e.g. photos of fear); 
each emotion across ‘All’ stimulus modalities (/15; e.g. fear recognition from photos, vocal and film cues); ‘Total’ within each stimulus modality 
across all emotions (/30; e.g. total number of errors from all photo stimuli); and the total overall (/90). 
Group Stimulus 
Modality 
Mean Number of Errors (SD) 
Fear  Surprise Sadness Anger Happiness Disgust Total  
Control All  4.56 (2.96) 3.94 (1.86) 2.94 (1.83) 2.44 (1.54) 1.56 (1.25) 0.72 (0.83) 16.17 (5.75) 
Photo  1.72 (1.18) 1.94 (1.61) 0.61 (0.61) 0.94 (0.94) 0.44 (0.62) 0.33 (0.49) 6.00 (3.03) 
Vocal  1.33 (1.33) 1.28 (1.23) 1.67 (0.97) 1.39 (0.98) 1.06 (1.21) 0.22 (0.43) 6.94 (3.10) 
Film 1.50 (1.15) 0.72 (0.75) 0.67 (0.97) 0.11 (0.32) 0.06 (0.24) 0.17 (0.38) 3.22 (1.52) 
HD All 8.67 (2.94) 5.87 (1.73) 5.07 (2.76) 7.87 (3.89) 2.87 (1.68) 4.93 (3.39) 39.87 (20.04) 
Photo 3.20 (1.21) 2.47 (1.25) 1.60 (1.40) 2.80 (1.57) 0.73 (0.88) 1.73 (1.49) 12.53 (4.56) 
Vocal 3.07 (1.33) 2.60 (1.40) 2.40 (1.12) 2.40 (1.30) 1.93 (1.58) 1.53 (1.25) 13.93 (4.83) 
Film 2.40 (1.24) 0.80 (0.77) 1.53 (1.41) 2.67 (1.84) 0.20 (0.56) 1.67 (1.40) 9.27 (4.27) 
 
The observed means of the number of errors are presented in Table 2, stratified by group, emotion and modality. Of 
all six emotions tested, fear was the most misidentified whilst happiness and disgust were recognised most easily in 
both the control and HD groups. Results of the permutation test showed that the three-way interaction between 
group, modality and emotion was statistically significant at the 5% level (p=0.013) and as such the adjusted between-
group differences in expected number of emotion recognition errors are presented separately for each emotion 
modality combination in Figure 1 (and Supplementary Table 1).  
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Figure 1. Estimated between-group differences (HD vs Control) in the number of errors out of five for each emotion modality combination, with 95% 
bootstrapped bias corrected and accelerated confidence intervals. Positive values indicate that HD participants made more errors than controls. Statistical 
significance is highlighted with: *p<0.05; ** p<0.01. 
For photos, the largest difference between HD and control group performances was seen for anger, with those for 
fear and disgust also achieving statistical significance. For vocal stimuli the largest difference between HD and 
control group performances was for fear with the difference for disgust also statistically significant. The difference 
for anger favoured controls but was smaller than that for photos and film although the confidence interval was 
relatively wide. For film, as with photos, the largest difference was seen for anger with that for disgust also achieving 
statistical significance. Here the between-group difference for fear was smaller than seen with the other stimulus 
modalities although again the difference still favoured controls with the confidence interval being reasonably wide. 
For happiness, sadness and surprise none of the differences between the HD and control groups achieved statistical 
significance although in some cases differences were relatively large, albeit with wide confidence intervals.  
Of the errors in the HD group the most common mistakes (reported as a percentage of the total number of 
responses for the emotion displayed) were: anger mistaken for disgust (25%, i.e. 25% of the responses made by the 
HD group to anger stimuli involved the incorrect labelling of these as disgust); disgust mistaken for sadness (10.3%); 
fear mistaken for surprise (30.9%); happiness mistaken for surprise (11.1%); sadness mistaken for disgust (12.4%); 
surprise mistaken for happiness (16.1%). The percentages of each response made within each stimulus modality are 
illustrated in Table 3. From this we can see that the results are suggestive of two groupings within which the majority 
of misidentifications occur in this HD cohort: 1) anger, disgust and sadness; 2) fear, happiness and surprise. 
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Table 3. A matrix of the percentage of answers given by the HD group for each emotion displayed, separated by stimulus modality. 
 Emotion Displayed 
Anger Disgust Fear Happiness Sadness Surprise 
Modality Photo Vocal Film Photo Vocal Film Photo Vocal Film Photo Vocal Film Photo Vocal Film Photo Vocal Film 
A
n
sw
er
 G
iv
e
n
 
Anger 44.0% 51.4% 46.7% 9.3% 6.8% 10.7% 5.3% 9.5% 8.0% 1.3% 1.3% 0.0% 5.3% 8.0% 4.0% 2.7% 2.7% 4.0% 
Disgust 18.7% 13.5% 42.7% 65.3% 68.9% 66.7% 9.3% 14.9% 10.7% 0.0% 1.3% 0.0% 10.7% 10.7% 16.0% 8.0% 13.5% 2.7% 
Fear 5.3% 16.2% 4.0% 4.0% 5.4% 5.3% 36.0% 39.2% 52.0% 1.3% 2.7% 1.3% 4.0% 5.3% 8.0% 5.3% 9.5% 9.3% 
Happiness 1.3% 2.7% 0.0% 5.3% 4.1% 1.3% 0.0% 1.4% 0.0% 85.3% 61.3% 96.0% 4.0% 18.7% 1.3% 25.3% 23.0% 0.0% 
Sadness 21.3% 10.8% 4.0% 10.7% 6.8% 13.3% 5.3% 14.9% 1.3% 0.0% 12.0% 2.7% 68.0% 52.0% 69.3% 8.0% 2.7% 0.0% 
Surprise 9.3% 5.4% 2.7% 5.3% 8.1% 2.7% 44.0% 20.3% 28.0% 12.0% 21.3% 0.0% 8.0% 5.3% 1.3% 50.7% 48.6% 84.0% 
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1.4 Discussion 
This was the first study to compare the profile of the emotion recognition deficit in HD across 
different stimulus modalities, including the first use of dynamic film stimuli of facial expressions. It is 
thought that recognition of emotions of positive and negative valence constitutes dissociable 
abilities but it is currently unclear whether emotion recognition across different stimulus modalities 
should be conceptualised as a unitary ability. The consistent finding of impaired negative emotion 
recognition in HD is supportive of the theory of positive and negative subdimensions in emotion 
recognition ability. This deficit appears to be independent of individual stimulus or task demands as 
the pattern of errors made did not match the pattern of HD-related deficit in comparison to the 
control group performance. This valence-specific emotion recognition ability was found in this study 
to be consistent across stimulus modalities but the emotion-specific profile of the impairment 
differed significantly. This could be explained by the theory of related yet specific skills that 
incrementally contribute to emotion recognition ability (Hall, 2001; Schlegel et al., 2012). These 
findings show that the use of emotion recognition performance from one stimulus modality is not 
representative of the deficit as a whole and therefore is not fully reflective of psychosocial 
functioning.  
There does not seem to be a clear link between the number of errors and the pattern of impairment 
in HD participants compared with controls. For example, disgust was the most accurately identified 
emotion by the control group and the second best only behind happiness in the HD group, yet 
recognition of this emotion was consistently different between groups in all stimulus modalities. 
These findings do not support the theory that the disproportionate emotion-specific deficits found in 
HD are a result of increased cognitive demand, test cue difficulty or expression complexity but 
instead are indicative of emotion-specific or valence-specific emotion recognition cognitive 
pathology. 
The significant three-way interaction between disease group, stimulus modality and emotion 
suggests however that impairment may not be entirely consistent across stimulus modality and 
emotion. The largest between-modality difference was shown between film and vocal anger 
recognition; anger being recognised by the HD group at a closer level to controls from the vocal cues 
than the film clips. In addition impairment in fear recognition was estimated to be greater than that 
for anger in the vocal stimuli, whereas the converse was true for film stimuli. If these observed 
between-modality differences in emotion recognition deficits in HD were to be replicated in a larger 
sample, this finding could have implications in terms of designing future tests and care giving. For 
example, emotion recognition performance from the traditional static photo modality does not 
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appear to be as clinically relevant as previously assumed; in order to establish a more accurate 
profile of this impairment in everyday life a multi-modal test of emotion recognition is 
recommended. In terms of care giving these results suggest that educating care-givers of this 
potential deficit and training in the use of a varied communication style, incorporating both visual 
and vocal expressions, may facilitate emotion recognition and consequently social functioning.  
From the mistakes being made we can see that there are two groupings of emotions that are being 
confused in HD: 1) anger, disgust and sadness; 2) fear, happiness and surprise. These groupings are 
consistent with the schematic representations of the relations between different facial expression 
proposed by Woodworth & Scholsberg (Woodworth & Schlosberg, 1954) and Calder et al.’s (Calder 
et al., 1996) hexagonal continuum of emotions: happiness to surprise to fear to sadness to disgust to 
anger to happiness. The two groupings can be thought of as open and closed expressions: with 
anger, disgust and sadness characterised by a closing of the eyes and lowering of the eyebrows; and 
fear, happiness and surprise characterised by an opening of the eyes and raising of the eyebrows. 
These similarities between expressions increase the demands on perceptual processing when 
discriminating between emotions within a ‘set’. In terms of complexity, disgust and anger also have 
a conceptual overlap and this may be a factor behind anger-disgust mistakes.  
In the HD group the error rates in the photo, vocal and film stimuli were 41.8%, 46.4% and 30.9% 
respectively. Emotion recognition from film cues (the least effected modality) may be more 
reflective of typical social interactions than static photos or vocal cues and therefore performance 
here is arguably of more clinical relevance. Although disgust, anger and fear recognition combined 
across stimulus modalities was significantly impaired in the HD group compared with control group 
performance, these responses were erroneous just 32.9%, 52.5% and 57.8% of the time respectively; 
levels indicative of substantial remaining functional capacity in this early-stage HD cohort.  
Previous studies of gene-negative siblings or spouses of HD participants have found impairments in 
facial anger recognition compared with unrelated healthy controls (Gray et al., 1997; Sprengelmeyer 
et al., 2006). Our control group (15 of the 18 were gene-negative siblings or spouses of HD 
participants) found anger to be only the fourth (out of six) most difficult emotion to recognise when 
errors from all stimulus modalities were combined (2.44 mean errors (SD 1.54) out of 15 responses). 
This does not support the idea of anger recognition impairments in gene-negative people from an 
HD family although this was not done in comparison to an unrelated healthy control group.  
This study was limited by sample size and the exploratory findings would clearly benefit from 
replication. Due to the clinical population available to us there was an imbalance in males and 
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females within the two groups. This was accounted for in all statistical analyses by adjusting for 
gender. The fact that the behavioural results corroborate previous work suggests that this sample is 
likely to be representative and that these novel, albeit tentative, findings are worthy of follow-up.  
In conclusion, the direct comparison of emotion recognition deficits across multiple stimulus 
modalities make this study a thorough investigation of several aspects of emotion recognition in HD. 
Consistent with previous reports, anger, disgust and fear recognition was shown to be impaired in 
HD. There was however evidence of differences in the extent of impairment relative to controls for 
specific emotions between the traditional static photo modality, vocal stimuli, and the more 
ecologically and clinically relevant film clips, never before used in HD. Impairment does not seem to 
be due to task demands or expression complexity as the pattern of between-group differences did 
not correspond to the pattern of errors made by either group, therefore implicating emotion-specific 
cognitive processing pathology. These findings may have implications for future test design and care 
giving.  
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